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SOME FACTORS TO CONSIDER IN DETERMINING 
THE CAPACITY O F  A NICKEL CADMIUM CELL 

BY 
G. Halpert 

Materials Research and Development Branch 
Goddard Space Flight Center 

INT RO D UC T ION 

It i s  widely recognized in the battery industry that the behavior of 
a sealed nickel cadmium cell  is  influenced by i t s  pas t  cycling experience. 
Both the need for  "cell-conditioning" and the so called "memory  phenom- 
ena" could be cited a s  examples of this effect. The t reatment  given a 
cell  p r io r  to a capacity t e s t  appears  to be another example and is  the 
bas i s  for  this report .  A s e r i e s  of experiments a r e  described in which 
two types of cel ls  were  discharged to 1.0 volt, then discharged fur ther  
(drained o r  essentially short  circuited) through a 1.0 ohm res i s to r  for 
varying intervals  p r io r  to the capacity tes t .  The experimental resu l t s  
indicate that there  was a significant difference in capacity between those 
ce l l s  which were  drained for  m o r e  than 16 hours and those which were  
drained for  short  periods of 3 hours o r  not a t  all .  The information de- 
rived f rom this study should be useful to individuals establishing bat tery 
t e s t  requirements  o r  those who a r e  u s e r s  of nickel cadmium bat ter ies .  

TEST PROGRAM 

This  test was performed only to ascer ta in  the effect of immediate 
p r i o r  his tory of a cell  on the charging capacity of that  cell.  
ab l e s ,  such a s  tempera ture ,  ra te  of charge and discharge,  t ime of charge 
and discharge,  were  established and maintained constant throughout the 
test. 

Other var i -  

The in-house t e s t  p rogram comprised a s e r i e s  of capacity t e s t  cycles 
in  which specimen cel ls  were  randomly s tored in the drained and open 
c i rcu i t  condition for relatively short  periods (3-4 hours) ,  moderate  p e r i -  
ods (16 -24  hours ) ,  and long periods (72-96 hours) immediately p r io r  to 
testing. The procedure established for  determining capacity in  this t e s t  
p rog ram i s  as follows: 

A.' After discharge to 1.0 volt, continue the discharge through a 
1.0 ohm res i s to r  for  a predetermined period. 
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B. 

C. 

D. 

The randomized t e s t  schedule i s  given in  the following table: 

Charge a t  W / 8  for 16 hours.  

Open c i rcu i t  stand 1 hour.  

Discharge to 1.0 volt at C /2 .  

Step 
A 

Drain 

Tes t  Number 
Short Duration Moderate Duration 

(3 -4  hours) (16-24 hours) 

16, 2 2 ,  31 21, 30 
-~ 

Open Circuit  

Long Duration 
(72 -  96 hours) 

15, 20 18, 28 

17, 26  

19, 29 

The tes t  number i s  the cycle in  which the capacity was determined 
(capacity tes t  cycle) ,  and follows the t reatment  of Step A in the above 
procedure.  

Ten nickel cadmium ce l l s  were  utilized in  this  tes t .  They included 
five of the well known 6-ampere-hour  V06-HS-AD aerospace  ce l l s  with 
control electrode? and five s imi la r  ce l l s  with electrodes of a thin con- 
struction, designated V06-HS-TP-AD. 
Gulton Industries under contract  NAS 5-3839. They were  given condi- 
tioning cycles plus a number of additional cycles  so they could be de- 
scr ibed a s  being in the "active" condition. On t e s t  No. 14, the ce l l s  were  
given two consecutive 16 hour charges  at C / 8  followed by a normal  d is -  
charge of 3 amperes  to 1.0 volt. At this  point the t e s t  p rog ram was 
initiated. 

These ce l l s  were  supplied by 

RESULTS 

The capacity determination resu l t s  shown in  F igu res  1 and 2 i l lus-  
t r a t e  the effect  of the immediate p r i o r  h i s tory  on the capacity of the V 0 6 -  
HS-AD and V06-HS-TP-AD ce l l s ,  respectively.  
measured  in the capacity test cycle following the open c i rcu i t  o r  dra in  
p r e  - t reatment discus sed e a r l i e r .  

The capaci t ies  were  

*c = rated capacity in a one-hour period. For purposes of this report, C = 6 in all  c a s e s .  
tThe control electrode was not used in this test. 

2 



w 

I I I I I I I I I I I I I 

.- 
I- 

f 
0 
c 

l- 

& 
I 

a 

8 cv 
h 

1 1  1 1 1  
7.00 I 

c v 

5.50 - 
U 

\ 

TEST NUMBER 

1 

Figure 1-Effect of pre-treatment on the capacity of V06-HS-AD cells. 
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The average maximum capacity of 6.45 ampere  hours  for both types 
of cel l  was noted in  tes t  No. 14, in  which the cel ls  were  given a double 
charge. Only on Tes t s  No. 17, 21, 26and 30 did thecapacity of thece l l s  
again approach this value. According to  the previous Table,  these t e s t s  
followed a pre- t reatment  of a moderate o r  long drain through a 1.0 ohm 
res i s tor .  
for  short  periods did not improve the capacity. The extent to which the 
capacity was reduced by an  open circuit  pre- t reatment  was as  much as 
15%. An interesting side observation was that the thinner plate cel ls  
exhibited an  exaggerated effect under the t e s t  conditions but followed 
the same resul ts  a s  the well known V06-HS-AD cells.  It was observed 
that a pre- t reatment  drain through a 1.0 ohm res i s tor  for moderate o r  
long periods caused the cel ls  to exhibit the maximum capacity on the 
following cycle. 

It was also noted that the draining o r  opencircuitpre-treatment 

A s  the program progressed ,  some side effects became evident. On 
the charge following pre- t reatment  for  a moderate o r  long period, the 
ce l l s  exhibited a different voltage character is t ic  f rom those left on open 
circui t .  An example of cel ls  on charge af ter  drain ( tes t  No. 17) andaf te r  
open circuit  stand ( tes t  No. 19) appears  in  Figure 3 .  
a r e  apparent in  the cel ls  having had the long drain: (a) the maximum 
voltage attained is higher; and (b) the t ime to reach maximum voltage 
has  increased.  
and the resul ts  a r e  shown in  Figures  4 and 5. 
V06-HS-AD cel ls  were 10-15 mv higher on the average and the thinner 
plate V06-HS-TP-AD cel ls  were  50 mv  higher on the average a f t e r  a 
long drain pre- t reatment .  In tes t  No. 28, an unexpected high voltage 
terminated charging of the V06-HS-AD cel ls  af ter  8 hours. Thus,  the 
voltage shown for Tes t  No. 28 i s  not actually the maximum. The t ime 
to reach the maximum voltage i s  plotted for all the tes t s  in Figure 5. 
As  was previously stated,  a cel l  that is drained for moderate o r  long 
per iods (Tes t s  No. 17, 21, 26) takes longer to reach themaximumvoltage 
on the following charge. 
amperes  o r  1.5 ampere  hours.  

Two specific effects 

Data were  accumulated for  both of these charac te r i s t ics  
Figure 4 shows that the 

The increase is approximately 2 hours  at 0.75 

The discharge voltage was also plotted for all tests. This voltage 
level was found not to be a function of the pre- t reatment .  However, a s  
was  previously mentioned, the discharge t ime down to 1.0 volt was af- 
fected,  as  can be seen in the capacity data. 

CON C LUSION 

These tes t s  prove conclusively that the capacity of a sealed nickel 
cadmium cel l  is dependent on the t reatment  given it p r io r  to thecapacity 
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.' 
t es t  cycle. Specifically, the maximum capacity of such a cel l  is attained 
when it has  been essentially short-circuited for a period of at leas t  16 
hours p r io r  to the tes t  cycle. 
the drain technique to achieve maximum capacity, the charge voltage 
maximum and the t ime to reach this maximum both increase .  

The results a lso indicate that when using 

During this tes t  program no attempt was made to investigate other 
var iables  which might have a n  effect on these phenomena, such as  tem-  
pe ra tu re ,  ra te  of charge and/or  discharge,  etc. Similar ly ,  no attempt 
has  been made here  to explain the observed cell  behavior f rom a physical- 
chemical and electrochemical approach. 

This report  was writ ten to aid those in the bat tery technology field 
in  evaluating capacity data and charge voltage data f rom capacity t e s t s  
on sealed nickel cadmium cel ls .  
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